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FLUID METERING METHOD AND SYSTEM 



5 FIEI-D OF THE INVENTION ^ 

This inveotioii relates to a mefeod, a system and a devii?e for metering fluid 
flow. More particularly the invention is concraied with a mefliod wndeting a 
conveidonal fluid meter suitable for metering also significant 
even below fee measurable flow, rate of the metering device. The inv^on is 
lo furtber concerned with a fluid flow measuring system and a device useful for 
carrying out the mediod. 

BACKGROUND OF THE INVENTION 

Tbe nieasuremoit and monitoring of low volume fluid flows has wious 
applications including ^Ucations hi industrial and residential setting. For 
15 example, in the diatmcal industry the ac^ 

ouUet flows for a myriad of processes (e.g. chemical reactions) can be critical to the 
optimal production and processing of chemicals, phatmaceuticab and the Uke. 
■ Pi^rise monitoring of flows can also be used to discover and prev«rt leaks 

can be cOTtiy and be a safety issue. 

20 AdditionaUy,iheladsoflow-flowmqnitoringcanresidt.mlosse^ 

suciifiow. For exanqjle. ^ conges are .coi^ensated for v^ usage as 
tneasured by thrfr flow monitors (water meters). If tti^ Ao- monitors do not 
measun. trickle or dr^ flow, they are not reimbursed for sudx usage. The loss of 
revalue can be considerable. Additionally, the location of ttie.loss is not drfected 

25 ' thereby allowing a large amount of water to be wasted. This is particulariy an issue 
hL the many countries vith limited water supplies, Furthermote the knowledge of 
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tbis moiiitoring limitatiOTi can be used to steal vyaten for exaznple by slowly 
dnppbg water into a holding tank, at a rate not measurable by tbe associated flow 
metei; and consiijDDubag the wat^ di 

Tnxbine flow nueteis, whi^ are the conventional magnetic flow meteis in 
5 general use todqr have lox]@ been used to measure fluid flo^ 

tnunt^ed in.fllie fluid. A magnet connected to Ihe turbine turns a second magnet, 
wfaidb is placed in a diy areau The second magnet drives a cog system that turns a 
mechanical counts. These flow meters are unable to det«t low flows e.g, below 
about 10 I/h when considering atypical w . 
. 10 supply companies and mumd^alities world wide. Positiye dlsplac^ent metering 
devices are ateo commonly used.tomieasure flow rate a^^ in 
particular where wafer is of jpoor quality Le. has a high caldum content or contains 
dirt sudi as sand. 

Other types of flow meters are also known, some of which are devices for 
15 m»suring low volumetric fluid flow. However sudh meters are typically costly, 
reqmre servicing and are difficult io retrofit, thus are usua^ 
water metering. 

Droplet counter de^d.ces are also known, wherein a s^or is provided for 
droplet count Howerver, such devices usualfy serve for labco^ries and are not 

29 cost-efi^ctive in xnassive installation, e.g. for use by. a water siqpply coxrqpaay/ 
c^tainly not for urban use. Evdi more so, sndii systems are uot easily retrofitted 
and they require some coni^derable ^ace. 

For e?sanq:»le^ disclosed in U.S. Patent No. 5^18,346 to Meixler is a low 
volume flow Hiet^ jR»r detennihing if a fluid flow meets a rnu 

25 of flow. The monitor includes an ext^ally located electrical portion, which 
opwates with a minimum of intrusion 1x) the flow and aU.ow^ for repairs. The 
electronics provide for the adjustro.eat of the threshold level and can be modified to 
provide for a parallel electronic circuit for a bracketing of the desired flow rate. 
HowevOT, the system is not simple or ineixpensive. 
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Another of flow rate device that has the edacity to me^ 
a low flow xBte is a compouad mebsx. In this case^ the device coxupdses a high flow 
metenng device together with a secoadaiy flow xnet^ that is l^ically located in a 
by-pass conduit Thece is typically some means for diverting flow (e»g. by using a 
5 ^chmgj^-cv&r^ vatve set to activate at a pre-d^emiined piessinpe) based on a pie- 
detemiined flow rate or pressure in order to direct the flow to the appropriate meter. 
Thiese meters typically sujBRsr jSrom at least seme of the above-mentioned drawbacks 
and in particular are expensive. 

A problem which may occur with flow metering devices is so^alled 'aver- 
10 efficiejicy% where the flow may read excessive amounts of fluid, which in 
&ct have not flown throng &e system* This may result for e^cample^ owing to 
inertial revolutions of the measuring inD^eller of the me^^ 

SUMMARY OF THE IPm:im 

According to the inventicHi there is provided a fluid supply system 
15 comprising a si5)ply line and flow metering device aaid a flow responsive valve; 
I said proDuuro fl ow m etering device admitting flow dirough the system for only 
measurable fluid flow- 

The airangement is such that when flow rate eTeceeds a minimal measurable 
flow rate threshold the valve is opra owing to a pressure difiiarential ov^ its inlet 
20 port and ouflet port; and when the flow rate drops below said nimimal measurable 
flow rate tibr^old, fte valve otters a pulsating position having a closed state 
ifaCTeby substantially restricting flow throu^ flie system, and an open state 
allovmig fluid flow into the system; said op^ state having a fl.ow rate e?$:ceeding 
the minimal measurable flow rate threshold; where portions of tb.e supply Jjn.e 
25 downstream of the flow meter and devices fitted thereon function as a fluid • 
accumulator. 

According to the invention, an average fluid flow through the system 
x^mains constant ov^ time, whereby a consumer downstream of said metering 
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device does npt ackaowledgp flow late fluctnatiQns imparted by the system 
accordmg to the pxiBSirat invention. 

According to the invention, fh^e is a fluid m^CTOg system comprising a 
fluid i^ipply line and a metsx JRn: measuring fluid flow Ifaerelbrou^ said meter 
5 having a Tninhmim measuring flow threshold; the system fiidfaer conqirisixig a flow 
, responsive valve in^^aiting the ^tem vntfa a flow pattCTi having a polsating 
ch&acb^ so as to substantially jprohibit flow at a flow rate below the miniroum 
measuring threshold, and resume fl.ow of only measurable quantities of fljiid. The 
flow responsive- valve is in fact responsive to flow rate and to pressure differential 
10 extradingbrtweOTaniiiletandanoutietoftheva^ 

According to anotiier aspect tiie present invention is concerned witii a 
method fbr metering fhnd flow throi^ a fluid siq^ply tine con^irising a flowmeter 
having a fniniTmiTn measurable tiireshold and a flow responsive valve imparting a 
flow pattern theretbrbu^ witii a pulsating character so as to substantially restrict 
. 15 flow at a flow rate below tiie Tninimum measuring tineshold, and resume flow of 
only measurable quantities of fliud. The atrangemOTt is such that the fluid supply 
line and any devices fitted thereon function as an accumulator, whereby at an open 
state of the flow responsive valve, during its open phase, fluid accumulates in title 
system. 

20 The pres^ invention is also directed to a valve corrqndsinig an inlet port 

connectable to an tipstream side of a fluid scqpply line, and an oudet port 
connectable to an downstream side of ihe fluid siqip]^ line; a control chamber 
extending between the inlet pott and the outiet port and a sealing m^ber disposed 
within said control chamber; said sealing member having an inlet sealing surfece 

25 having a sealing surfece area and a control porti.on haying a control surfece area; 
and a bleed aperture determining a minimal fl.ow threshold tiirough die control 
chamber; wherein tbe sealing m^ber displaces between an open position and a 
closed position depending on a pressure dijBferential over the sealing member. 
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A fluid sapply system accordiDg to the concCTted invention is suitable for 
use ^with gaises or liquids and has a sigoifiicaot advantage of being inexpensive, 
reliable and siiitable fyr easy retrofit installatioo on existing flow metqduog systems. 
A further advantage of Ifae device in accordance with die present inv^tion iB 

5 that it serves also as a one way valve preventixig flow fi?Qni a downstream direction 
to an upstream direction^ i-e. firom the consumer towards the supplier, in the case of 
a liquid supply system- 

According to anotfa^ embodnn^ of the present invention there is provided 
a flow responsive valve according to tbe invCTflion, further fitted for controUai 

10 restriction of fluid flow at the open state of the pulsating position of the device/ 
Accordingiy, an impeller of a flow meter fitted in coojxmctioa vwfh a valve 
according to tibdbs endbodiment will not reach sigmficant revoluctiouary speed and 
inertial force is reduced, thereby gov^ning the oveniding excesahre metering. 
However, the valve according to this embocfim^ substantially does not eflfect fljiid 

15 flow and metering at a consuming state thereof i.e. when flow rate ^ceeds a 
xmninxal measinabie flow rate Ifareshold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand ihe invention and to see how jit msy be carried out in 
. practice, some CTbodiments win now be dracribed,. by way of non-limiting 
20 exsamples only, ynth reference to the accompanying drawings, in winch: 

Fi^. 1 is a schanatic re^Tresentation of a murucipal water supply netwod^ 
fitted wfth a flow metering sfyshsm acccttdi^ 

Fig. 2 is a superimposed, graph schematically illustrating the pressure and 
flow rate over tiracj in a water suppb^ network fitted with a sys 

. 25 pjresent invention; 

Figs. 3A and 3B are longitudinal sections through a flow responsive valve 
a<?cnffding to "an anbodiment of the present inyCTtjoDy wberan: 
Fi& 3A iUustxaties the valve in its cpCT po^(^ 
Fig. 3B iUtisttates the valve in its closed positicn^ 
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4A and 4B are longitudmal sections through a flow responsrve valve 
accQcding to another embodiment of the present inyention, wherein: 
4A ilhistiates the yalvB in its op^ positioiu and 
Fl^ 4B ilhistralss the valve in its closed po^tioi^ 
5 Fig. 5 is a longitudinal sectilan Ihrou^ a flow responsive valve accordmg to 

stiU an ranbodknent of the pfesCTt iirvCTlion, -whwwn: 

Fig. 5A illustrates the valve in its opCTi poation; and 
Fig. SB illnstcates &e valve m ite closed position; 
Fig. 6 is a stiieroBtic gisqph rq)iesa[iting actual flow 

10 several conditioas; 

Fig. 7 is a longitudinid sectiim tfarou^ a flow reqioiBiye vahre acco^ 

an embodimaot of Ihe psssent inventilon. fitted for conbolled fluid flow restriction; 

and 

Figs. 8A to 8F are longitudinal sections through tbie valve of Fig. 7, at 
15 coDsecutiveopOTtivepoations. 

DBTAIIJBD DESCIOPTION OF THE INVENTION 

• The presait ravention is suitable for inq>Ienieiitation in a variety of fluid 
sappty systems, however; for the sake of convenience and for ejtenqplifying only, 
m^ference hereinafter is made to a water suppty system, e.g. an uAan/nwnicipal 

20 water supply netwod<u 

Attention is first dhected to Fig. 1 of Ihe drawhigs schematically illustrating 
an end portion of an urban/rounicq»l water simply system wherein an end user is 
fot essmple a house, an office, a plant, Ihe house, in the presrat wnpVs, is 
connected to .a main water supply line designated 10 via a flow meter 12 with a 
25 suitable networife of pipes 18 branching for ejtan^le to end devices such as a solar 
watCT heating system ZO, wash basins 22, toilets 26 and garden faucets 28. 

Eadi of tiie *oye end items, including ti).e piping 18 is vuhierabk 
ovsing to feuhy sealing means (wadieis. gadcets, etc.X ledB in 

canpMtions, etc ; . - 
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Itt a water s»9>ply system not fitted with a dsfvice in accordance wiih the 
present invention, m snch leaks ^cfa ate below the mininial measurable flow 
tbieshold (a common sacfx minimal Ihreshold fe about 10 liter/hour) would not be 
detected and would not be measurable, Le. cauang the water sappU& considerable 
5 loss, not to mention ftie waste of fteshwatw which in some re&ons in the 

an acute problemi 

In order to render a standard flow metar 12 capable of measuring also small 
amounts of water, there is installed a flow responsive valve generally designated 36. 
The valve 36 is sensitive to flow rate and pressure diflferapJial over its inlet and 
10 outlet ports, as will be explained hereinaflsr in more detail 

The valve 36 is a normally closed ^alve vydnch opens whoever an end 
device is opened for consunqmon of watei; upon flnddng the toilet 26 or the 
like, when flie consumed wfce exceeds the nmnmal measurable flow threshold. 
Howeveii when there is no consuo^rtion of water by either of the end devices, the 
15 valve 36 spontaneously returns to its closed position. If a leak occurs at one or more 

locations along the pqnng 18 or at one or more of the end devices 20, 22, 26 
and 28, the flow responsive vahre 36 remains closed whraeby a pressure diflereolial 
AP is being built between an inlet 40 connected upstream aihd an outlet 42 
connected downstream. Such a pressure diSeteitfial is built o^ 
20 constant pressure at the inlet 40 and the droppragpnsssuie at ouflf* 42.^ 

pressure difEarrailial rearihes a predetHihined toshold, the flow responsive 
valve 36 opens for a v*ile, to allow viratac flow to the ppmg 18 untU ttie valve 
reaches a pressure dififeential lovver then a predetenninedpres^ 

Fig. 2 is a superimposed graph schanatically illustrating the pressure and 
25 flow rate over time, measured downstream of the flow responsive valve 36. The 
upp^ horizomal line tu^nesents the minimal measurable flow threshold of the 
metering device 12 whilst flie Iowct hiarizoDtal line represents the flow 
, consuq^on during a low flow oonsumptica, e.g. owing to several leaks at. the 
p^ing 18 and/or aid dences 20, 24» 26, and 28 wihidi ate below the miniiniim 
30 measurable fl.ow toshold of the metering device 12. The gc^h represented by flie 
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letter Q r^ttesents the piilsaiing flow character flumigli the flow meter 'vs^ere it is 
noticeable tbat flow is alwa^fs above the miomRim measurable flow ti3xeshold of the 
metering deviqe 12 and operates m an on/off mode^ i.e. all flow fhrougb the 
meter 12 is measurable^ The line represented by the letter P illustrates the 
5 corresponding pressure in tibiesr^ste^ 

Further attention will now be directed to seve^ 
sensitive valve in accordance witti embodimeots of Ihe present invention by way of 
examples only. It is iq)precialed fliat many of&vsr embodiments are possible as well. 
. 'Diming now to Figs. 3A and 3B, refereace is made to a valve generally 
10 designated 50 which in Fig. 3A is iUustrated in its opra position and m . 
iltustrated hi its iiormally closed position. The valve 50 corcrprises ahousing 52, an 
inlet poit 54 and an outlet port 56 botti fitted for soew coupling to a pqpe isection 
(not diown) by suitable threading 58 and 60j^ 

The viOye 50 is fitted with an inlet nozzI.e 62 having a diam eber Dg. A sealing 
15 memb(^ 64 is a?dally displaceable v^in the housing 52 and is normally biased by 
means of coiled spring 66 into a normally s^ed position, so as to seal the inlet 

nozde 62 (Fig, 3B). 

Sealing member 64 is fitted at an inlet end thereof with a rrailient sealing 
pogiiion 68 fyc improved sealing of tiie inlet nozzle 62- Furthennore, and as noted in 
20 the figures^ fee housing 52 has a central bore 70 slidingly supporting the sealing 
member 64, said bore 70 having a diameter IV Sealing member 64 has at an outlet 
end hereof adjacent a shoulder portion 74 having a predetermmed tolerance with 
the bore 70, said tolCTice detssinining a leak rate corresponding witii the pulsating 
sequends imp a r te d to the sequence, as discussed above. 
25 Fxffther noticeable, bore 70 is foraied at an outidt side thoeof with an 

e?qpanded portion 80 of diamet^ Do- 

The arrangement is such that when the valve 50 is in its open positiouH, the 
shoulder portion 74 of the sealing member 64 reaches the e^qjanded portion 80 to 
aUow ess?«liany fiee flow through the v^ 
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Hie anaDgemrait is sash that the biasing force Fs of the spring 66 is 
predetetnined -svheieby the valve 50 rexnnns in its closed position as long as the 
piessine dififerenlial AP does not exceed a predetranrined pressure detennined by 
tbe telationdiip between Di, Fs and the pressure at the inlet port 54 and oudet 
5 port56. Thus, the force reqpnred to open the valve 50 is detennined by 
Fs<AP*A(Pi), vvhere ACDp is the surface area at the inlet nozzle 62. Similarly, the 
.valve 50 wiU close when AF<Fs/A(I),). where ACP„) is the surfece area at the 
e^^anded portion 80. It is also appaxeat that the pressure diflfeiential required for 
closing the vaWe 50 is loww flian that required for generating apube in the system, 

10 ttus being ^ceDf>DQ. 

The arrangement is sudi that when the pressure djJBfescential oyer the inlet 
port 54 and ouliet port 56 is smaUer tiian a predetacmined threshold, A.e valve 50 
remains sealed since *e oafy force acting is the biasing force Fs of spring 66. 
Howevai when pressure at the outlet port 56 drops (e,g. upon a leak at the piping of 

15 the system or at one of the end devices, as discussed berejnabove) and there flie 
fadet pressure at uUet port 54 remains essentially constant, the pressure differential 
over tt»B valve 50 inoceases and the sealing membCT 64 will displace into its op«i 

po^onasinHg.3A. . 

Furthermore, it is ^predated that tbe Moulders 74 of tiie sealmg member 64 

20 take the role in retaining flie sealios member m the open position under a pressure 
difereoliaL It is fiirflier appreciated that the tolerance betweea .ttie djamebsy of the 
shoulder 74 and the bore 70 in fee* determiixBS flw pulsating timmg, as it determ^ 

a so-called leak rate of flie systEaott. 
I Further attention is now directed to Figs. 4A and 4B in which a valve 80 is 

25 prinrapally similar to the valve discussed hereinabove in connection With Figs. 3A 
and 3B and accordingly, reference is made only to flie diflfering element which is 
the shs^e of tibie shoulder 84 of flie sealing member 86 and flie corresponding 
change in sh^ of flie expanded portion 88 of the cylihdric bore 90 of tfa^ houshxg. 
The purpose of fliis particular design is to give rise to a narrow flow path 91 -when 

30 tiie valve is in its open position as in Fig. 4, to fljeieby gjve rise to an increased flow 
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velocity and at tbe bore 90, g^erating a foce actiqg in the diiecticm of airow 92 
(Fig. 4A) namely in die direclioa to assist in displacing ibe sealing member 86 into 
an opCT position, comiay to the ibite inipazted by coiled spring94. This is 
obtained by local inciease of flow v^ocity causing low static piessuce down 
5 Stream, fimsdeareasingtbe head loss. 

I "I^® design of F^.4A and 4B rendei5tlieyahrBWopen/cioscdpOT^ 

more significant and avf^ds undefined positions and scattering of the valve at near 
• toeqiHfibriump<:^on. 

Figs. 5A and 5B illustcate stfll anotftsr embodiroent of a pressutB sensititve 
W T^ve in accordance witti flie pieseat invention generally designated 100 wherein 

the seab'ng fiMce is imparted magnetic means, ralher than by 
tbepievibus egtnbodiment. 

As can be seen in Figs. 5A and ^, the housing conges an inlet 
segment 104 ftraned wifli an inlet port 106, and an oudet segment 108 fitted with an 
15 ouflet port UO.boai said inlet and said oufletbeh^fitaedwia a suitabte 
fbr coiq>)ing to a pg^e s^ment (not shown). 

Ouliet segment 108 is ftamcd adjac^ ihe inlet segment 104 with a tapering 
portion 114 and with a stopper member 116. A sealing meoaber 120 being a 
magnetic sphere 122 coated wiih a resmrat laysar 124, has a diameter laiger ftan the 
20 namxw most portion of tbe tEqjering wall 114 and similarly, the diarajeter of the 
sealing member 120 is larger than die gaps 130 of stoppw member 116. Hie 
aixaiifeemeiit is such diat the sealing member 120 is displaceable wi^ 
between a closed portion (Fig. 5A) wherein it sealiqgly engages flie tillering wall 
portion 114, and an open position (Fig. §AgB> wherein it disengages ftora die 
25 tapering portion U4 to aUowiBbee flow throu^ the valve 100. 

The biasing force is ta^wtted on die sealing member 120 by means of die 
' magnetic inlet manber 104 acting on die magnetic sphere 122 of sealing 
member 120 into sealing engagement widi die narrow most portion of die tapering 
wall portion 114. 
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Tb9 valv^ in accordance ^vilii the CTibodiment of Figs. 5A and 5B operates 
in a similar mann^ as discussed in connection with the valves of Figs. 3 and 4 and 
Ihe readers attentioa is directed thereto, 

A&rthCT advantage of the valve in accordance iwxfli tibie present invention^ is 
5 Ifaat it serves also as a one way valve prev<ailing flow fiom a downstream direction 
(i,e. from the consumer) to an upstream direction Cl.e, towards &e suppli^)i This 
feature IS of particukDr impcntance e.g. in connecticm witti a water supply system 
and serv« to prevent flow of contaminated water towards the si:^plier in case of a 
flood or burst in sii^ly pipes, where there is risk of mud and dirt entsdng the 
10 system and flowing iq^stream and possibly conteminating water reservoirs and 
haimmg equipment of the water supplier. 

- I^iamig now to Fig. 6, there is illustrated a schen^c graph repres^oljng 
various sitoadons of measuzed flow consunQ>tion MC versus actual flow 
consumption AC, in volum^c units, e.g* m3. Tbe line nunfced I r^resems ttie . 
15^ ideal situation where actual water consunqrtioh is essentially ide^cal to measured 
water consun^tion in a Imear &shion. Howevet^ fiiis situation wiU usnaliy not 
occur owing to the design of cominon flow metsrsj e.g. domestic water meters etc., 
whereby an inqpeUer is provided, the latter gaining inertlal fytces stibject. to velocity 
of watw flowing theretturougih. Accordingly- even after tennination of liquid flow 
20 tlirou]^ the flow me£^ the. impeller will tend to continue revolving for a while, 
owing to said inertial forces. It is appreciated that tiiis situation is not desired in 
particular wheare monitoring of liquid flow is of importance or ^^ere it is desired to 
corxecfly charge for actual wato: coasun9>tion. 

The measured consumption MC for a typical flow meter not fitted with a 
25 device in accordance with the present invoolion is r^resented by line 11 an.d it is 
thus appreciated that there is a significant portion of uimieasured liquid which 
carmot be measured and respectively charged. 

Upon installation of a valve in accordance with some embodiments, the flow 
. meter will yield an 'over efficient' peffbraiance illustrated in Fig. 6 by the line 
30 maiked Le. measuring quantides of water which in &ct weie not consumed. 
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Hiis pheaomesoa takes place owing to many occutzCTces of closing and op«nnjg the 
valve, involving inatia faeces. 

Accarding]^, ft is deaucable to introduce a device wliicii -will con^sisBte for 
fhe 'over. elSdeacy* and -will reach a measured consumqption near to actual 
5 consuQiptionasiUustcaledfpresKan^ 

It is appreciated ibat for good orders sake die pt^rformance of the valve in 
accordance witii fhe line maiked TV eactends below ihe optimal line roaiked T, so as 
to exisurie Ihat tb.e consumer 

With further Btteatiosi now directed to Fig. 7, there is illustrated a 
10 modijScation of the valve in accordance with ihe present invention, gena:al]y 
. designated 150 comprising a housing 152, an iqlet port 154 s^crew coiqiled to an 
iqpstream pjqpe section 155, and an outlet port 156 screw coiqpled to a downstream 
type ^pe s ection 157, 

Fitted at the inlet and of the housing there is pro\dded a diaphragm seal 160 
15 retained betweean an annular shoiiilder portion 162 of the bousing and a dicphragm 
support disk 164 retained by a retention nut 166, v^ereby the dj^hragm seal 160 is 
defoimable only m a downstream, direction^ as will be apparent bezeinafier, in 
connection with Fig SC. 
j Diq^faragm seal 160 tends to follow di^lac<^.ent of fee-a plunger 170 

20 owing to pressure dijS^ntial about its &ces. Howevei^ at a certain stage the 
dii^farag^l seal disengages &om the plungsr and wiU return to i^ 
rest 

A pressure rei^onsive seaUng assembly is recced within die housing 152, 
comprising an axially displaceable plunger 170 and a stationary cup member 172. 
' 23 Formed between ihe phmger 170 and the cup member 172 these is a 

dampening assembly received williin a confined space 174^ which in the present 
example holds a coiled spring 176 received within the cylindrical sleeve 178 of the 
cap m^ocxber 172^ said spring biasing at one end against the cup member 172 and at 
an opposed th^eof against the plunger 170. A sealing sleeve 180, made- of a 
30 resilient notafcerial, is applied over the cylindrical extension 184 of fhe plunger 170 
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and 178. of tb.e cup member 172, to tfaweby r^trict liquid flow into the confined 
space 174. 

Hie circuoi&iQuUal pedpheral edg? 190 of tibie phmger 170 is shazp-edged 
serving as a scraper bearing against the cylindrical surface 194 of the housing;, 
5 coniiaaously cleaniss* it from scale^ algae and otfa^ dirt particles, as tbie 
pliaigqr 170 axifiJly displaces wtt^ 

According to a particuter embodiment, as iUnstratsd in Fig. 7^ the 
plunger 170 and the cup member 172 have complementary shapes ofi^rizig an 
advantage in particular in the completely open position of Fig. 8F, upon" water 
.10 consumption downstream. Furihemiore^ it is noted that the circumferential 
. pmpheral edge 198 of the cup m^ber 172 is chamfered so as to easily engage 
the coneq^ondii^ sccaper edge 190 of the pl^^ 
FurttiQT attwtion is now directed to Figs. 8A to 8F9 iUustrating how the valve 
in accordance witii the embodiment of Fig. 7 actually op^cates. In Hg. 
IS plunger 170 is in its retracted position^ rraiote fiom the cap member 172 and 
sealingly bearing against the diaphragm seal 160. Ibis position is the so-called 
closed position wherein there is no watw consumption and no water leak- In tiiis 
situation, water pr^sure at the inldt port 154 is substantially equal to the pressure at 
the outlet port 1S6, Le^ the pressure drfiferential AP equals 0 namely, the inlet 
20 pressure equals the outlet pressure (Pi =Po). 

Howevei; at the posidon iHustiated in Fig, 8B, tiie valve 1 50 is stiU a^ 
called closed position ^tii no significant walsr consumption downstream of Ibe 
valve^ howev^, with some water leak ocrarring^ at a flow rate which is below the 
measurable direshold of the water m^enpg device (not shown). This results in 
25 pressure decrease at the ouflet side of the valve 150, building up a pressure 
difier^Gttia] AF>0 over the valve, where Pi is greater than Fo. However, the pressure 
difierential is still not significant and will not displace the valve into the open 
position. For the sake of clarity, high pressure zcme is indicated in Figs. 8A-8F by 
dense dotting whereas low pressure zone at the valve is indicated by non-densed 
30 ddttingJt is ^parent that in the situation of Fig. 8B the valve lemams in the closed 
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and sealed portion ^vhsrein the di^hiagro seal 170 sealingly beats against tiie 

diaphra^n seal 160. 

Resulting in fiottKr leakage^ downstream of the valve 150 (Jiowevw wifli no 
slgpificant consunytiQtt) the ptwsuw dififeraitial over fte device 150 increases, 
5 caiKing the plungw 170 to di^ esaiact in a downst^ 

fbUow^d by deformation of the diapbra^ seal 160 wbirfi follows iiie plm^ 170 
and ensures tbat flie valve is closed. It is apparent that as long as no watpc flow 
occocs between tbe inlet port towards the outlet port, the Tvatsr metering device (not 
^hown) does not sense any flow and will not indicate flow as the measuring 
10 elOTient(e.g.animpella)rssDaainsstilL . 

As fte pressure conttanes to drop at the oafletpoit 156, wata leaks teough 
an inisscstice between ftie phmg^ 170 and Ihe suifece 194 of the housing 152. 
resulting in sKght pressure increase at the outtet port 156, and flirther tesulting in 
(KsplaceinOTt of thediaphiagm seal 160 to its nonnal poation as in Fig. ro^ 
15 In order to fecilitate leakage between tfie sciapCT edgp 190 of the 

plungw 170 and the surftce 194, one or more narrow grooves 198 are fonned at 
conlBCt zone of the scr^ 6dge 190 with Ae surfece 194, as Ultistrated in the 
enlarged portion of Fig. SD. 

IfeengagemeDt of the diaphragm seal 160 ftom ttie plungw 170 (Fig. 8D) 
20 icsute hi «uithCTdq»lacOTent of the plunger 170 tov^ 

wheidjy water flow is increased, further resulting in pressrae equM^^ 
sealing assembly 168 i Sudi ail increase in water flow is above the n^ 
. . • thrediold of the metering device (not shown) aiMi feus Ae water now flowing 
through Ihe device at such a pulsalmg <5»enmg of flie vaWe, is. 

25 flowmeter. 

Hie restricted flow at the position of Fig. 8D ensures that the impeUer of ihe 
flow metering device do» not ^m at hi^ speed and thus does not gain high 
inertial forces and a«or«Kngly* when a flow pulse through the valve device 150 
ceases, ihe impeller of the flow meter wiD imm«iia!Bly haU thus not meaning 
30 excessive metering. 
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*Ia this position, the scaling sleeve 180 fedlitates slow filling of water into 
the cQnfined space 174, thus dampegoing/slowing !he closiag stage of the valve, 
thereby improving the raliQ betwera the measured consumptioiL MC and the acfaial 
oonsimptiouAC. 

5 It is howevisr appreciated that the position of Fig. 8E h not a water 

consuming position but lalher a position in which the piping downstream is refilled 
at a measurable pulse of walCT flow, to conjpensate for the wat^ 
IIoau ttie piping and 6om fte differaot si^Iy device. 

WitihL further reference to Fig. 8F, the valve 1 50 is illnstrated in a completely 

10 opened position wherein water is consuzn/sid by a consum^^ downstr^m (not 
sfaowh) resulting in complete displacement of the plungisr 1 70 into engagement of 
the edges 170 with the cooespondiiitg edge 198 of the cup member 172, to give rise 
to an egg-like aerodynamic ^pe^ &dlitating water flow in a downstream direction 
at high flowntte^ as per demand. 

15 The addition of a danopenit^ assembly, i.e. the sealing sleeve 180 or any 

other dandling means, e.g. a viscous fluids fiiction anangs^nents, water orifice, etc. 
will result in measoied consxmiption MC near to line IV in Fig. 6 whilst in the 
abseace^of such a damping assembly, the measured consum^rtion is near to line m 
in Fig 6. 

20 At the abs^ce of sealing sleeve 180, one would possibly sense a short delay 

in water supply upon consunqpfion downstream, e,g. upon opening a tap, etc-, 
owingto vmter first entering the confined space 174 and only then flowing throu^ 
the outlet 156 downstr^m. Howevei; applying the elastic sealing sleeve ' 180 
ensure^ that upon vapid build xip of dififerential pressure over the device (as a result 

25 of water consumption downstream), above a predetCTuined threshold, the sealing 
sleeve 180 will defomi to disengage from the cyJindrical portion 178 of the cup 
member 172, tbus fecilitating r^id draining of the confined space 174, whereby a 
consumer dowT^stzeam does not feel a pressure drop. 

It is appreciated tiiat the above embodiments are m^ely example of valves 

30 suitable for use with a n^etering system and meChod as disclosed above and many 
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othex such valves may be desigaed, all of vrbifAi &I1 within ttie $cope of the 
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